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ABSTRACT

This paper presents the results of biostratigraphic investigations of cherty and
terrigenous deposits from the Taukha Terrane. Twelve successive radiolarian
assemblages which correspond 1o the upper Pliensbachian-lower Tourcian,
lower-middle Toarcian, upper Toarcian-middle Aalenian, upper Aalenian-
lower Bajocian, middle Bajocian, upper Bajociun-lower Bathonian, middle
Bathonian-lower Callovian, middle Oxfordian-lower Kimmeridgian, middle-
upper Kimmeridgian, lower-middle Tithonian, upper Tithonian, and lower
ValanginianHower Barremian deposits of the continuous scetion have been
distinguished. Characteristics of the radiolarian assemblages are shortly given.

RESUME

Biostratigraphie & radiolaire d'une séquence siliciclastique ddge jurassique-crém-
cé inférienr dans la Tauwkha Tevrane (sud de Sikhate-Alin, Russie).

Cet article présente les résulrats d'une recherche biostratigraphique réalisée
sur des dépory siliceux er dérritiques de la Taukha Terrane. Une douzaine
d’assemblages consécurifs de radiolaires a pu érre reconnue dans les sédiments
d'une série continue ot I'on peut reconnaitre le Pliensbachien supérieur-
Toarcien inféricur. le- Toarcien moyen inférieur, le Toarcien supérieur-
Aalenien moyen, I'Aalénicn supérieur-Bajocien inférieur, le-Bajocien moyen,
le Bajocien supéricur-Bathonien inféricur, le Bathonien moyen-Callovien
inférieur, I'Oxfordien moyen-Kimmeridgien inférieur, le Kimmeridgien
moyen supérieur, le lithonique inféricur 3 moyen, le Tithonique supérieur
et le Valanginien inféricur-Barrémien inférieur. De bréves descriptions des
assemblages a radiolaires sont données.
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INTRODUCTION

Cherty rocks are important in the geological
structure of the Sourh Sikhote-Alin. They com-
prise up to 35% of the sections of Mesozoic
accrerionary prisims, that are among the main
structural units of the region. However, paleon-
tology of these cherts is, in most cases, poorly
studied. Cherts have been described from separa-
te samples that allowed them to be dated accura-
tely to a period ot an epoch. The ranges of the
microfaunal species in them have not been tra-
ced. Also, clemientary biostratigraphic subdivi-
sion has not been constructed and therefore,
comparison and correlation of the various species
could not be carried out. The study of Permian
chert deposits is selatively more successful, since
biostratigraphic subdivisions and zonpal scales
have been proposed (Rudenko 1991). Some local
sections of Triassic (Volokhin ez /. 1990; Bragin
1991; Smirnova & Lepeshko 19917 and Carly
Jurassic cherts (Kemkin & Golozoubov 1996)
have also been studied, and layers with dillerent
microfaunal assemblages have been distingui-
shed. The younger cherty formations have not
been broken down into clementary biostratigra-
phic subdivisions with the exception of prelimi-
nary data on Gorboushinskaya suite (Bragin
1993). Given below are the resules of the myicro-
faunal study of the most complete chert scetions
and overlying terrigenous deposits of the Taukha
Terrane, exposed on the left bank of Roudnaya
River (south-east of Dalnegorsk Town).

GEOLOGICAL SETTING OF THE REGION

The Dalnegorsk Region is situated within the
Taukha Terrane (Fig. 1), an Early Cretaccous
accretionary prism (Khanchuk ez 2/ 1989;
Golozoubov ¢ al. 1992; Kemkin & Khanchuk
1993). The prism structure is a comp]icured
combination of different-facies and differenc-age
formations. The Taukha Terrune is composed of
a repeated alternation of twrbidite and olistostro-
me deposits constituting the matrix, and diffe-
rent-age accreted fragments of mostly
paleoceanic, rarely palcocontinental formartions.
Section of the prism can be visualized as a
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“multi-layered cake”, where relatively yoting
deposits of the matrix alternate with more
ancient accreted fotmations.

The accreted fragments comprise extensive (up
to several tens of kilometers long) plates as well
as blocks and lnmps of varying sizes within the
mattix of olistostrome. Both plate and matrix
rocks were crumpled together into assyinetric
north-east trending folds with a south-east ver-
gence, Some plates can be 500 m thick. Such a
thickness is a result of the tectonic repeution (3-
5 times) of some parts of accreted formations. A
true thickness, tor example, of cherty rocks does
ot exceed 100 m. The contacts berween plates
of the accreted fragments and the mawrix (if they
are not broken by later defornuicions) are sedi-
mentary, distinct in lithology. Large plates usual-
Iy overlie the olistostrome.

Paleoccanic accreted formations are represented
by siliceous (fragments of abyssal plains) and car-
bapaccous (fragments of paleaguynts) facies.
These facies are compased of typical bedded-
cherts, dated from their different plates by
Middle Carbonifcrous to Late Jurassic age
(Rybalka 1987: Khanchuk e 2/ 1988; Bragin et
al. 1988; Rudenko & Panasenko 1990; Volokhin
et al. 19905 Bragin 1993), and rcef-fnrming
limestones laying on high-titanium alkaline
basalts. The age of the limestone basal layers in
different plates and blocks ranges from Late
Devonian to Late Triassic (Nikitina 1971
Votobeva et wl 1978: Bersenev 1986; Buii #: al.
1986).

The fragments of paleocontinental formations
are represented by blocks and lumps of shallow-
marine (shell) deposits containing Middle-Late
Triassic macrofauna, and by plates of relatively
deep-sea Permian rocks composed of sandstones
and stltstones flysch alternation (Kemkin 1996).

RADIOLARIAN ASSEMBLAGES

Detailed study of cherry formations from the
Taukha Terrane along the left bank of the
Roudnaya River (Dalnegorsk Town area) have
been carried out. The cherts and overlying tuibi-
dites of the marrix form four rectonically repea-
ted plates (Fig. 1). The most representative
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Fic. 1. — Teclonic scheme of the Sikhote-Alin Region and geological map of lhe investigaled area. 1, Earty Cretaceous olistostrome
formations of lhe accretionary prism malrix; 2, plates and blocks of Triassic-Jurassic chers; 3, lurbidite deposils of the matrix;
4, plates and blocks of Middle-Late Triassic limeslones; 5, high-tilanium alkaline basalts underlying limestones; 6, Early Cretaceous
shallow-marine (shelf) deposits; 7a, Late Cretaceous valcaniles; 7b. inlrusive formations; 8, Quatemary deposits; 9, dislocations with
a break in continuity: 10, elements of rock accurrence (strikes and dips).

section of the cherts was discovered in the second
tectonic plate (Fig. 2) where they make up its
lower portion. Within the exposure. the rocks
show monaclinal dip 1o the southeast (dip azi-
muth, 130-140°, angle 70-80°). The cherts have
bedded texture that is caused by thin (1-3 mm)
clayey interbeds. Thickness of the chert beds
varies from 1.5-2 to 3-5 cm, more rarely 7-
10 cm, The rocks are broken by a serics of stee-
ply-dipping, discontinuous dislocations of
northeast and submeridional wending, parallel or
at angle to bedding. fn the upper part of the see-
tion, the cherty formations changes o rerrige-
nous deposits, cherty mudstones, mudstones,
muddy siltstones and, then, flysch alternation of
siltstones and sandstones thar grade into massive
sandstones. Unfortunately, the contact of cherts
and terrigenous rocks at chis exposure is compli-
cated by a fault, as evidenced by the presence of
boudinaged fragments of cherts in the contace
part of the cherty mudstones. However, in other
places (for example, Koreyskaya River arca) we
observe a conformable and gradual transition.
The conformable and gradual transition between
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cherts and terrigenous deposits is very important
because it indicates a smooth change of environ-
ment of sedunentation from pelagic 1o marginal-
continental {chert accumulation 1s changed at
the begining by the accumulation of fine und
then coarse terrigenous material). This evidence
fixes. thus, the moment of approach of a given
part of the oceanic plate to the zone of accredon.
All three Triassic and Lower Jurassic epochs have
been identified in the chert units (Volokhin et al.
1990; Bragin 1991; Bragin 1993). According to
Bragin (1993), Middle Jurassic is not represented
in the seetion due w the essential stratigraphical
break in the Middle Jurassic titme. The available
data on the Late Jurassic age of the cherts (Bragin
1993) arc not quite correct, as the Lare Jurassic
Radiolaria have been separated from the cherty
mudsiones belonging to a transitional chert-1o-
terrigenous packet. The age of the terrigenous
portion of the section has been determined as
middle Tithonian-Valanginian (Bragin 1993).
I'he Triassic part of the section is detaily subdivi-
ded into detailed zones by conodonts and radio-

larians (Volokhin ez /. 1990; Bragin 1991) and
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Fic. 2. — Geological scheme illustrating the structure of chert-terrigenous successions of the second tectonic plate along the

Roudnaya River (Dalnegorsk Town).

1s not discussed in this paper. In this study the
Jurassic parts of the cherts and terrigenous rocks
have been sampled in great detail. The micro-
taunal study shows that the cherty beds of the
section contain Early, Middle and Late Jurassic
radiolarians. The Late Jurassic and Early
Cretaceous ones were found in terrigenous depo-
sits (Figs 3, 5). Altogether, twelve successive
radiolarian asscmblages have been distinguished
(Figs 3, 4). Short descriptions of thesc assem-
blages are given below in ascending order.

1. Parahsuum langiconicum assemblage was found
in cherts of deep-grey to black in colour (samples
P-21, P-20, P-19). Specific compasition af the
assernblage is not abundant (Fig. 3), This assem-
blage contains nassellarians such as Parabhsuum,
Canoptum, Iricolocapsa and Parvieinguly and
spumellarians — Tractoma. Age diagnostic species
is Parabsuum /ngit‘onimm. The geological range
of the assemblage is assigned to Pliensbachian-
early Toarcian. The lower age boundary is assu-
med to be late Pliensbachian uccording to the
first appearance of the species-index (Sashida
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1988). The upper boundary i resericred by the
lower one of the upward following assemblage.
The assemblage is compatable in age and specific
composition (Fig. 4) with the assemblage of
Larabsuum takarasawaense zone (Sashida 1988)
and subzone 4 of Parabsuum simplum zone (Hori
1990; Martsuoka er al, 1994), and lower part of
Trillus elkhornensis zone (Martsuoka 1995) repor-
ted from Japan.

2. Hsuum altile assemblage was extracted from
violet-deep-grey cherts (samples P-18, P-17).
The assemblage characterized by a relative diver-
sity of species (Fig. 3), with a predominance of
Parahsuum and Hsiwm, Some spumellatians such
as Trigetoma and others are also tound here. The
geological age of the assemblage is ecarly
Toarcian-middle Toarcian. Ity Jower boundary
was defined by the appearances of Hsuum altile,
Hsuwm transiensis, Parvicingula nanoconica that
have been noted since early Toarcian (Hori &
Otsuka 1989; Hori 1990). The upper boundary
is controlled by the upper assemblage and the
last appearance of Parabsuum longiconicum spe-
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cies (Sashida 1988). Age and the specific compo-
sition of this assemblage are comparable with
that of Mesasaturnalis hexagonus zone (Hori
1990; Matsuoka ez al. 1994), and partially corre-
lative with the assemblage of Hswwm minoraniom
zone (Sashida 1988) and upper parts of Trillus
elkornensis zone (Matsuoka 1995) also reported
from Japan.

3. Parahsuum grande assemblage was found in
the identical violet-deep-grey cherts (samples
P-16, P-15, 86-15). This assemblage contains
abundant and diverse representatives of nassella-
rians such as Parahswuwm, Hiwuw, and Parvi-
cingula, and spumelladians such as Emiluvia,
Tetraditrima, Archaeospongopruntm. Xiphostilus
and others (Fig. 3). Age diagnostic species are
Parahsuum grande, Fsunm matsuokdai and Hsuwm
hisuikyoense. The age of che assemblage is late
Toarcian-middle Aalenian. According to the fitst
appearance of Parabsium grande (Hori 1990),
the older age boundary was assumed. The top is
limited by the lower boundary of the upper
assemblage. The assemblage 15 comparable with
that of Parahsuwin grande zone, and the lower
portion of Hsuwum f)i;cm'/{yat‘me‘ zone (Hori 1990,
Matsuoka et 2l 1994), as well as Laxterunm jieras-
sicum zone (Marsuoka 1995). All zones have
been identified in Japan.

4. Parahsuuim hiconoeasta assemblage was found
in deep-gtey cherts (sample P-14). Parahstum
and Hsuum predominare among the representa-
tives that are not relarively numetous in this
assemblage (Fig. 3). The geological age of the
assemblage iy late Aalenian-early Bajocian. The
lower age boundary cortesponds to the first
appearance of the species-index (Baumgartner ez
al. 1995). The wop s controlled by the lawer
boundaty of the upper assemblage. The assem-
blage is correlated with that of the Hsuum hisui-
kyoense zone, lower pace of the Unuma echinatus
zone (Matsuoka ¢f af, 1994), and upper parts of
the Laxtarum jurassicrm zone (Mawsuoka 1995).
5. Hsuum mirabundum assemblage was extracted
from blue-grey cheres (samples P-13, P-12,
P-11). This assemblage shows relative specific
diversity. Among the representatives, nassella-
rians such as Hsuum, Parahsuum, 1’,1rvic-ingula
and Tricolocapsa, as well as spumellarians ie
Emiluvia, Tripocyclia and others are prevailing
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(Fig. 3). The geological range of the assemblage
is assumed to be early-late middle Bajocian. The
lower boundary was determined by the first
appearance of Hsuum mirabundum (Baum-
garwnet et @l. 1995). The upper boundary is res-
ticted by the last appearance of such specics as
Parabsuwem natorénse, LParabsuum grande,
Emilnvia splendida. The boundary corresponds
to the end of middle Bajocian (Hori 1990:
Baumgartner et &l 1995). This assemblage is
comparable in age with that of the middle part
ot the Ununma echinaius rone (Mawsuoka et al.
1994), and lower part of the Tricolocapsa plica-
rum zone (Matsuoka 1995) distinguished in
Japan.

6. Hswum matsuokai assemblage was found in
light-grey cherts (samples P-10, -9, P-8).
Specific compositions of the assemblage is cha-
racterized by the essendal diversiry of species.
Among them, there are nasscllarians: Hsuwm,
Transhsuum, Parahsuum, Arbaeodicryomitra,
Tricolovcapsa, and spumellatians such as Mesos-
arurnalis, Tritrabs, letraditrima and others
(Fig. 3). Age diagnostic species are Tritrabs cas-
maliaensss and Hswm matstiokai. "The range of
the assemblage was determined as late Rajocian-
early Bathonian. The lower age boandary is
based on the absence of chawcteristic species of
the end of middle Bajocian (sec assemblage 5), as
well as the presence of Tritrabs casmaliarnsis cha-
racteristic of late Bajocian (Baumgartner & al.
1995), The upper boundary was determined by
the last appearance of Hsuum matsiuokai thar had
completed its evolution in the early Bathonian
(Baumgarwner er al. 1995). This assemblage is
correlated with thar of the upper pares of Uniima
echinatus (Matsuoka et al 1994) and Tricolocapsa
plicarim (Matsuoka 1995) zanes.

7. Triactoma tithenianum assemblage was found
in greenish-grey cherts {samples P-7), 10 cm
below the bottom of the cherty mudstones.
Tricelocapsa and Stichacapsa predominare among
the representatives thar are not relatively nume-
rous in this assemblage (Fig. 3). The geological
age of the assemblage is identified as middle
Bathonian-early Callovian. The lower age boun-
dary corresponds to the upper boundary of the
previous assemblage and ro the firsr appearance
of Triactoma tithonianum (Baumgartner et al.
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1995). The upper age boundary is restricted by

the last appearance of Traushsuum medium
(Baumgartner er al. 1995). The assemblage is
comparable in age to chat of the Guexella nudata
(Matsuoka ¢t @l 1994), and the Tricolocapsa
conexa (Matsuoka 1993 zones.

8. Archacodicryomitra minaensis assemblage was
extracted {rom the boudinaged fragments of cherrs
(sample P-6) in the contact zone of cherts and
cherty mudstones. This radiolarian assemblage
contins mainly nassellarians and is characterized
by rich specific diversity. They are Archaco-
dictyomitra, Xitus, Mirifusus, Flsuum, Sethocapsa,
Pseudodicsyornitra, Stichucapsa and others. The
range of the assemblage is middle Oxfordian-early
Kimmeridgian. Assumed lower age boundary is
from the tirst appearance of the species-index
(Baumgariner ez al. 1995). The upper boundary
corresponds to the last appearance of Haliodicta
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hojnosi (Baumgartner et al. 1995). The assemblage
is comparable in age with that of the upper pares
of the Stylocapsa spiralis zone (Maisuoka 1995)
described in Japan. It should be noted (thac wichin
the assemblage) there are several morphological
forms that are more common in Early Cretaceous
radiolarians (Figs 3, 5).

9. Pseudodictyomitre vkamarai assemblage was
found in green cheary mudstones (samples P-5,
86-14). The assemblage also contains numerous
annd diverse radiolarian species (Fig. 3).
Predominant oncs are Archacodictyomitra and
Pecudoeictyomitra. The range ot the assemblage is
middle-late Kimmeridgian. The older age boun-
dary is somewhat tentative, buc the data on the
previous asseinblage have been taken into
account. The upper age limic is restriceed by the
last appearance of Pseudodictyomitra okamurai
(Baumgartner ez al. 1995). The assemblage is
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Fig. 3. — Lilho- and bioslratigraphical column of the Jurassic portion of the chert section and overlying cherts lerrigenous deposils,
enclosing radiolarian species and assemblage range along lthe seclion.

comparable in age with thar of Hswwn maxivelli
zone (Matsuoka 1995). Morphological features
of some speciés are more commeon i the Early
Cretaceous formis. 'They ate 2 Psewdodictyomitra
nnda and ? Lsendodictyonitra leproconice (Figs 3,
5) and alsa characteristic in this assemblage.

10. Xirus gifuensis assemblage was also found in
green cherty mudstones (samples P-4, P-3).
Archaeodityonritrn and Xitis predominate among
the numeroas radiolarians of this assemblage.
Some spumellartans such as Zrierabs, Emituvia
and Pantanellinm ave also found. The geological
range of the assemblage is assumed as early-
middle Tithonian. The lower age boundary cor-
responds to the first appearance of Xitus gifuensis
(Baumgartner ef ul. 1995). The upper boundary
is restricied by the lower boundary of the upper
assemblage. The assemblage is correlated with

GEQDIVERSITAS » 1999 » 21 (4)

that of the Pseudodictyomitra primitiva zone
(Marsuoka 1995) and also conrains some species
similar to Prewdodictyomitra nuda and Pseudo-
dictyomitra leproconica,

11, Psendodiceyomitra carpatica assemblage was
found in black mudsrones (samples P-1, P-2, 8G-
16) very close to the conract with green cherty
mudstones, The assemblage is represented by
numerous and diverse radiolarians related ro the
end of Jurassic and beginning of Cretaceous time
(Fig. 3). Nassellatians such as Pewdodictyomitra,
Archaeadictyomitra, Xitus, Thanarla, Sethacapsq
predominare. Spumellarians such as Tritrabs,
Emiluvia, Pantanelliun and others are also
contained. The range of rhe assemblage is larc
Tithonian. The lower age boundary correspands
to the lirst appearance of Peadodiciyomitra car-

patica (Matsuoka 1992). The upper boundary is
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Radiolarian zones and assemblages
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FiG. 4. — Correlation table of Taukha Terrane and Japanese radjolarian zones and assemblages.

determined by rthe last appearance of
Archaeodictyomitra minoensis, Ristola altissima
and Protunuma japonicus (Baumgartner et al.
1995). This assemblage conrains the species
similar 1o Pseudodictyamitra nuda and Psendo-
dictyomitra leptoconica, The asscmblage is compa-
rable in age with thac of the lower part of
Psendodictyomitra carpatica zone (Matsuoka
1995) established in Japan.

12. Cecraps sp. asscmblage was distinguished in
the black mudstones (sample P-0) that is 40 m
above the harizon P-1 of the section. The assem-
blage is characterized hy diverse and abundant
radiolarian species (Fig. 3). Most of them have a
wide age interval. However. the presence of
Cecrops sp. and Stichocapsa ex. gr. altiforaminag
allows to determine range interval of the carly
Valanginian-carly Barremian (Baumgartner er af.
1995). This assemblage is comparable in age with
that of Cecraps septemporares rone and lower parts
of Acanthocircus carinatus zone (Matsuoka 1995).

CONCLUSION

We have carried out detailed biostratigraphical
investigations. Twelve successive radiolarian
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assemblages which characterize different-age
deposits of the chert-turbidite section were dis-
tinguished. Eight assemblages arc included in the
chert portion ranging from late Pliensbachian to
carly Kimimeridgian. It indicares that the chert
accumulation process in Jurassic rime was conti-
nuous. The presence of Middle Jurassic radiola-
rians (of all stages) dispute the presence of any
significant straugraphical break in Jurassic ume,
s was previously teported (Bragin 1993). At the
same time, some chert portion, corresponding to
middle Callovian-carly Oxfordian time interval,
as well as some of cherty mudstones is absent
from the section as a result of later deformations.
In the transitional packet of cherty mudstones
and in the terrigenous rocks, we have established
rwo radiolarian asscmblages in each, indicaring
Kimmeridgian-Tithonian and late Tichonian-
Early Cretaceous age of these deposits correspon-
dingly. These data suggest that one paleogeo-
dynamic environment of sedimentation was
replaced by another art the end of Jurassic time,
and that cherr accretion took place in Early
Cretaceous time.

Cherty formatons analogous in age arc known
today among different accretionary prisms of the
Pacific margin of Asia, from Koryak plateau
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Fic. 5. — Some Jurassic and Eanly Cretaceous radidlarians from cher-teigenious sequencea of the Taukha Temane. A, Parahsuurm
cf. longiconicum Sashida, P-17; B, Hsuurm altile Hori & Otsuka, P-18, C, Parahsuum grande Hor & Yao, P-15; D, Msuum sp. A,
P-14; €, Parahsuum cf. hiconocosia Baumgarner & De Wever, P-14; F, Hsuum of. infrabundum Pessagno & Whaten, P-13;
G, Hsuum matsuckas 1sozaki & Matsuda, P-8; H, Tracloma fthoniznum Rust, P-7: |,. Tritrabs & casmaliaensis (Pesagno), P9,
J, Transhsuum medium Takemura, P-8; K, Archaesdictyomitra minoensis (Mizutani), P-6; L, Malindictya \7) of, hojnosi Riedel &
Sanfllippo, P-6; M, Pseudodictyomitra okamural Mizutani, P-G; N, P, ? Pseudodictyomitra alf. Nuda Shaal, N, P-6; P, P-4,
C, ? Pseudodictyomilra atf, Leptoconiea (Foreman), 86-14; Q, R, Xitus gifuensis Misutani, P-3; S, Tritrabs simplex Kilo & De Wever,
P-10; T, Stichocapsa ex gr. altiforamina Tumanda, P-0; U, Pseudodictyomitra carpatica (Lozynyak), P-2; V, Cecrops sp., P-0. Scale
bars: 100 pm.
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(Vishnevskaya & Filatova 1996; Kemkin ef al.
1996 and otheérs) to the Japanese Islands (Hori
& Otsuka 1989; Hori 1990; Tchikawa ez al.
1990; Matsuoka & Yao 1990; Mizurani er al.
1990; Marsuoka et 2/ 1994 and others). This
fact together with daca on the prism age is evi-
dence of the existence of a single accretionary
system along the western boundary of the
Paleopacific in Late Jurassic-Early Cretaceous
time and allows us to outline general tendencies
of geological evolution of the Far East region ata
given time interval,

It is interesung to note thit our study has reco-
gnized among radiolarian asscmblages (since
Oxfordian-Kimmeridgian time) the presence of
separate specimens with morphological fearures
characreristic in Tethys area for Early Cretaceous
(Valanginian and younger) forms. They are ?
Pseudodireyoniitra aft, nuda and ? LPseudo-
dictyomitra aff. leptanica range intervals which,
according to the currently available dara
(Baumgartner e al. 1995) are early Valanginian-
Aptian and late Barremian-Aptian, corrcspondin-
gly. It's likely that for diffcrent reasons, these
morphological fecatures in radiolarians of the
Paleopacific arca began o develop much earlier
than in those of the Tethys area.
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